An intrinsic spinal rhythm mediates fictive ejaculation (FE). In this study, the effect of genital sensory stimulation on the functioning of the spinal generator of ejaculation was investigated. To this aim, the effect of (a) stimulation of internal and external genital structures; (b) repeated elicitation of FE and (c) genital stimulation during in progress expression of FE on the rhythmic genital motor pattern of ejaculation (GMPE) was analysed in sexually experienced, spinal male rats. Results showed that the spinal intrinsic ejaculatory rhythm can be modulated by genital inputs, and that repeated stimulation modifies this rhythm, progressively inhibiting its expression. Finally, in progress GMPEs could be reset by overlapping genital stimulation, supporting the notion of the spinal cord mediating the inhibition of FE following repeated genital inflow. Results reveal the nature of the modulatory role that genital afferent information exerts on the expression of FE.
Introduction
It has been described that the movements registered in decerebrated or spinalised and paralysed animals, referred to as fictive movements, are under the control of central pattern generators (CPGs). [1] [2] [3] [4] CPGs are neural networks that generate the basic pattern of motor outputs in animals lacking a cerebral cortex 2 or in the absence of peripheral sensory feedback. [1] [2] [3] Neurons from the CPG underlying fictive movements are pacemakers whose endogenous rhythmic activity is under the influence of conditional factors such as chemical signals or its command sensory inputs. 3 It has been proposed that the close interaction between sensory signals and CPGs accounts for the crucial effects of a certain kind of stimuli upon rhythmic behaviour such as the rhythmic alternation of extensor and flexor muscle bursts in one leg in cats. 1 Besides, it has been demonstrated that the sensory input-CPG connections account for the conditional oscillation in motor pattern-generating networks 5 and that strong continuous stimuli delivered to CPGs could effectively freeze them so that they would stop producing any rhythmic output. 1 On the one side, it has been established that afferent inputs modulate the activity of rhythmic burst generators in the disinhibited spinal cord of the rat 6 and, on the other, that the positive sensory feedback is a general mechanism for sustaining rhythmic motor activity. 7 Thus, rhythmogenic networks for movements are highly susceptible to external inputs which pace pattern generation by exerting an important modulatory influence. 1, 3, 4, 6, 7 Spinal cord transection at T6 level allows the expression of a rhythmic motor pattern in the perineal genital muscles, which coincides with the potent expulsion of urethral contents. 8, 9 This response appears at 3-min intervals, suggesting the existence of an instrinsic spinal rhythm controlling its expression. This rhythmic ejaculatory motor sequence is similar in some of its components to ejaculatory motor patterns registered in urethane anaesthetised spinally intact and in copulating male rats, and has therefore been denominated fictive ejaculation (FE). 8, [10] [11] [12] FE consists of a complex sequence of rhythmic genital motor activity that coincides with ejaculatory movements, penile erection and penile movements. 10 It has been established that sensory inputs from genital structures that participate in ejaculation mediate several neural, 13 endocrine 14, 15 and muscular short-and long-lasting phenomena, 16 which are integrated at both cerebral and spinal levels. If afferent information is relevant to the modulation of CPGs' activity as well as to the expression of ejaculation, then the characteristics of bursting expressed in the genital motor pattern of ejaculation (GMPE) should be modified by afferent inputs from genitalia in spinal male rats. The present study was designed to establish the role played by afferent information from internal and external genital structures in the modulation of the functioning of the spinal generator for ejaculation (SGE).
Previous reports have shown that the rhythmic activity of the GMPE in spinal animals can exhibit some characteristics of the ejaculatory motor pattern observed during copulation in rats, such as facilitation and inhibition. 10, 11 Thus, stimulation protocols were directed to evaluate the possibility that sensory information from genital structures modulated the SGE, by exerting short-and long-lasting, facilitatory and inhibitory effects on the spinal circuits involved in the expression of the GMPE.
Materials and methods

Animals
A total of 28 sexually experienced male Wistar rats (300-350 g body weight) were used. Animals were housed by groups (four rats per cage) under an inverted LD cycle of 12:12 h, at 221C, and with free access to food and water. The Local Committee of Ethics on Animal Experimentation approved all experimental procedures, which followed the regulations established in the Mexican official norm for the use and care of laboratory animals 'NOM-062-ZOO-1999'.
Groups
Animals were divided into five groups. Groups 1-3 were used to study the effect of stimulation of different genital structures, internal and external, on the expression of FE. The first group (G1, N ¼ 3) was used to describe the effects of the mechanical stimulation of the urethra on the GMPE. In the second group (G2, N ¼ 3), the effects of mechanical stimulation of the penis on the GMPE were described. Group 3 (N ¼ 3) was utilised to evaluate the effect of brushing the scrotal skin upon the GMPE. The fourth group (G4, N ¼ 12) was used to characterise the effect of repeated elicitation of FE on the expression of the GMPE. The fifth group (G5, N ¼ 6) was employed to describe the effect of the mechanical stimulation of the urethra (G5a, N ¼ 3) or penis (G5b, N ¼ 3) superimposed to an already initiated GMPE.
Surgical procedures
Animals in G1, G4 and G5 were laparatomised, under urethane anaesthesia (0.7 g/kg i.p.), by a single midline incision to expose the pelvic urethra, and then were implanted with a PE-50 catheter (0.965 mm OD) inserted into the pelvic urethra via a bladder incision. The catheter was firmly tied to the bladder neck and connected to a Harvard syringe pump. In the animals of G2, the penis was extended to obtain its protrusion and permit its stimulation. In the animals of G3, the scrotal skin was carefully shaved to allow the adequate mechanical stimulation. In all animals, two platinum wires were inserted into the bulbospongiosus muscles to record electromyographic (EMG) activity. The wires (Grass) were connected to a polygraph (Grass M7) for conventional recording. At the end of the each surgical approach, all animals were spinalised by transection at T6 level and prepared for recording.
Activation of rhythmic ejaculatory motor patterns
Mechanical stimulation of the pelvic urethra was carried out by injecting saline solution (200 ml/min, by means of a Harvard syringe pump) through the catheter, during 10 s. Mechanical stimulation to the penis consisted in exerting sustained pressure (no more than two grams) with a forceps in the penile skin during 10 s. Stimulation of the scrotal skin was conducted by brushing it with a cotton swab during 10 s. To characterise the effect of repeated elicitation of FE on the expression of the GMPE, mechanical stimulation of the urethra was repeatedly applied, at 3-min intervals, until the expression of the GMPE was inhibited. Finally, to assess whether the longlasting effects of repeated stimulation upon the GMPE were exerted at the spinal circuits of the ejaculation generator, genital stimulation was superimposed to an in progress ejaculatory response. In this case, the ejaculatory motor sequence was elicited by urethral stimulation and, as soon as the first two or three discharges of the resulting GMPE appeared, a second urethral or penile mechanical stimulus was delivered and the response registered.
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Data analysis
In addition to the latency to the appearance of the GMPE, the parameters recorded for each motor train were the number and frequency of EMG bursts. Values were expressed as mean7s.e.m. Mean values were calculated for each animal and quantitative comparisons between groups were calculated from those means. A one-way ANOVA for repeated measures (RMANOVA), followed by the Tukey test, when pertinent, was used. The Sigma Stat program (version 2.03) was used for all statistical analyses.
Results
Rhythmic ejaculatory motor patterns elicited by genital sensory stimulation
In urethrane-anaesthetised male rats, spinal cord transection at T6 level elicited the expression of a rhythmic genital motor activity that coincided with ejaculatory movements, penile erection and penile movements. The present results show that this spinal intrinsic ejaculatory rhythm can be modulated by afferent inputs from genital structures like the urethra, penis or scrotal skin, since the different stimuli were all able to activate ejaculatory rhythmic motor sequences that included a first motor train and its after-discharge activity. Genital sensory stimulation elicited bursting motor sequences in the genital muscles similar to those reported in previous descriptions of genital motor patterns registered in behaving and in spinally intact urethane-anaesthetised male rats. 8, 12 The ejaculatory motor bursts elicited by penile, urethral or scrotal mechanical stimulation consisted of genital rhythmic sequences that were accompanied by ejaculatory movements, that is, potent expulsion of urethral contents and penile erections and movements. Sensory-elicited FE was a complex motor response in which every expulsive ejaculatory movement coincided with an ejaculatory EMG burst ( Figure 1 ). In this experiment, penile erection and movements were phasic in nature and always associated with intense ejaculatory expulsive movements and muscular bursting activity. Thus, the penile erections registered in the urethane-anaesthetised spinal male rats were an ejaculationdependent phenomenon. Recurrent stimulation during these experiments led to a modification in the intrinsic spinal rhythm of ejaculation, changing it from a spontaneous to a sensory-dependent state.
Statistical analysis of the number and frequency of bursts in the GMPE revealed no statistically significant differences among the responses obtained after stimulating the different genital structures. As it can be seen in Figure 1 , stimulation to the different genital structures evoked very similar GMPEs.
Inhibition of FE by repeated sensory stimulation
As mentioned above, the sensory-induced GMPEs consisted of rhythmic motor sequences composed by a first muscular train, followed by an afterdischarge activity component. When repeatedly evoked, bursting activity of the two components of the ejaculatory motor sequences and the associated fictive penile movements were progressively depressed. Since no variation in the GMPE parameters was found among the differentially stimulated groups (G1-G3), we decided to analyse the effect of repeated sensory stimulation on the GMPE using urethral stimulation, on the basis of its similarity to the stimulation occurring during ejaculation.
Repeated urethral stimulation significantly changed the genital bursting activity and fictive ejaculatory and penile movements in an irreversible manner. Thus, the ejaculatory motor sequences elicited by the first stimulation period were consistently similar to those registered in copulating and in spinally intact anaesthetised male rats, but significantly different from the subsequent responses in the ejaculatory bursting pattern. Sensory-induced second fictive ejaculatory responses showed a decrease in the genital movements and in the ejaculatory bursting activity, mainly reflected in a diminution in the number of bursts in the afterdischarge component. This after-discharge bursting Sensory control of the spinal generator for ejaculation M Carro-Juárez and G Rodríguez-Manzo activity was abolished once the second or third stimulation periods were accomplished. In almost all animals, the after-discharge component was not present after the fourth stimulation period, evidencing the onset of an inhibitory process induced by sensory stimulation. Analysis of the ejaculatory motor parameters revealed that this sensory-induced inhibitory effect was extended to the first component of the GMPE after the fifth stimulation period, since a progressive increase in the latency to the response was observed. As it can be seen in Figure 2a , there was a progressive increase in the latency of response that became statistically significant from the fifth fictive ejaculatory response onwards, when compared with the first and the second ones. Bursting activity of the first train diminished notably during the fourth ejaculatory response and a progressive decrease in the number and frequency of bursts was registered in the remaining responses. As depicted in Figure 2b , a statistically significant reduction in rhythmic bursting frequency, as compared to the first and second ejaculatory responses, was registered after the expression of six or seven ejaculatory sequences. Similarly, a statistically significant diminution in the number of bursts was evident from the fifth ejaculatory train onwards (Figure 2c ). After the elicitation of a mean number of 7.5 ejaculatory motor patterns, FE expression was completely inhibited. It is worth mentioning that expulsion of the urethral contents and ejaculation-dependent penile movements accompanying these motor patterns were also progressively attenuated until disappearing. In all animals, once the GMPE disappeared, two more urethral stimulation periods were applied to ensure that the inhibition of FE was an established phenomenon. Under these conditions, no further fictive rhythmic ejaculatory movements or ejaculatory-associated penile erections and movements were obtained.
Effects of sensory stimulation upon the already initiated ejaculatory motor pattern
Results of the first and second experiments showed, on the one side, that sensory information directly influences the expression of FE and, on the other, that repeated sensory stimulation progressively inhibits its expression. In order to discard the possibility that the progressive disappearance of rhythmic GMPE was due to adaptation of sensory receptors in the periphery and, at the same time, to test the possibility that the overlapped stimulus could reset the expression of FE, we applied urethral or penile sensory stimulation superimposed to an already initiated GMPE. Results showed that the GMPEs elicited by urethral stimulation were completely inhibited when additional sensorial stimulation, from the urethra or the penis, was applied immediately after the initiation of the expression of the first ejaculatory discharges of the main ejacula- Sensory control of the spinal generator for ejaculation M Carro-Juárez and G Rodríguez-Manzo tory motor train. As it can be observed in Figure 3 , the complete expression of the first rhythmic motor sequence was disrupted by either urethral (Figure 3b ) or penile (Figure 3c ) stimulation. However, in response to this overlapped stimulation, an ejaculatory response was obtained later on, indicating a short-lasting nature of this inhibition. This effect could be brought about several times in the same animal, but normal motor patterns could also be registered when this kind of stimulation was stopped, evidencing a direct effect of the superimposed mechanical stimulation upon the rhythmic burst activity and suggesting a direct effect of afferent inputs on the spinal circuits controlling FE.
Discussion
Evidence has been presented for the involvement of a spinal pattern generator in the control of the GMPE. 8 Although it is well known that afferent information is not essential for the initiation of fictive motor patterns, it has been established that they modulate the functioning of CPGs. Results of the present study show that: (a) the rhythmic GMPE is modulated by inputs from internal and external genital structures; (b) that repeated afferent inflow to the spinal circuits involved in the expression of FE progressively depresses the activity of the SGE and (c) that the stimulation of genital structures inhibits the expression of an ongoing ejaculatory motor sequence without cancelling the expression of subsequent fictive ejaculatory responses. Together, the present data show that in the spinal male rat afferent information from genitalia targets the SGE promoting short-and long-lasting, as well as facilitatory and inhibitory, effects upon the GMPE.
The results obtained show that the stimulation of external and internal genital structures promotes the expression of rhythmic ejaculatory patterns in genital muscles whose components, the first train and its after-discharge activity, are similar to those registered in copulating and in spinally intact anaesthetised male rats. 8, 12 The ejaculatory genital motor patterns described in spinally intact and in copulating male rats are elicited by the activation of genital afferents whose information is integrated at different levels of the central nervous system, that is, spinal cord and/or higher brain structures. In the present study, complete GMPE could be registered in spinal cord transected animals in response to mechanical stimulation of the penis, urethra or scrotal skin, with similar features among responses. Thus, it is proposed that afferent information from genitalia, integrated at a spinal level, modulates the expression of the GMPE and that it is feasible that the target for this ejaculation-related sensory inflow is the circuitry of the SGE. The notion of a CPG for ejaculation in male rats has been postulated by several authors for a long time; 17, 18 however, direct physiological evidence supporting its existence was not provided until recently. 8 Afferent pathways originating from genital structures enter the spinal cord and integrate its information at several levels, that is, thoracic, lumbar and sacral portions. 19, 20 Afferences from genital structures terminate at dorsal, medial or ventral portions of the ipsilateral cord in close relation to spinal neurones. 21, 22 At the lumbosacral level, dorsal penile nerve afferent pathways, for instance, can cross the midline and terminate in the spinal nucleus of the bulbospongiosus muscles, providing one possible substrate for the co-ordinated activation of genital muscles. 23 If the connections of the genital afferent pathways target the neurones of the SGE to promote short-and long-lasting events in a fashion similar to that observed in copulating animals, then genital afferent information could turn on and off the functioning of the generator by an afferent feedback mechanism. The present results support this notion and suggest that the afferences from penis, scrotal skin and urethra, together with the motoneurones of the striated muscles associated to the genital tract and its spinal connections (interneurones), are key components that are connected to the SGE to promote the activation of mechanisms that control the expression of FE. These mechanisms would exert both facilitatory and/or inhibitory influences. Thus, in spite of the removal of the descending tonic Sensory control of the spinal generator for ejaculation M Carro-Juárez and G Rodríguez-Manzo inhibition on sexual reflexes, rhythmic ejaculatory patterns can be controlled, at a spinal level, by an afferent feedback mechanism in which information from genital structures can lead to the establishment of an inhibitory process. In the present study, such an inhibitory process could be induced by repeated elicitation of FE. As previously described, this inhibition could only be attained by repeated genital stimulation. 11 Although we have no data that could explain this phenomenon, a control in patterngenerating neurons at a presynaptic level could be suggested. Presynaptic inhibition is exerted at the terminals of sensory neurones located within the central nervous system and that importantly influences rhythmic motor activity in many animals. Presynaptic inhibition has been found to not only influence the rhythm of ongoing motor patterns but also to allow the activation of these motor patterns through the affected sensory neurones. 24 This could be the case for ejaculatory motor patterns, since ongoing GMPEs can be directly modified by superimposed genital sensory stimulation. In addition, it has been found that presynaptic inhibition does not eliminate the ability of pattern-generating neurones to elicit rhythmic patterns, but instead raises its threshold. 24 These mechanisms could be accounting for the inhibition of FE. In line with this interpretation, there is an inhibitory phenomenon resulting from repeated ejaculation in copulating male rats known as sexual exhaustion. 25 Sexual exhaustion consists of a prolonged sexual behaviour inhibition that appears in response to repeated ejaculation in the course of ad libitum copulation and its development is mainly characterised by an exponential increase in the duration of the post-ejaculatory interval. 25 Interestingly, the inhibition of FE is a spinal process that occurs when FE is repeatedly evoked by applying ejaculatory-like sensory stimuli, and it is featured by a progressive increase in the latency to its appearance. Based on the similarities between both inhibitory phenomena, it could be thought that spinal mechanisms, mediated by the SGE, could be involved in the establishment of the sexual exhaustion state. If this were the case, a raise in the ejaculatory threshold mediated by presynaptic inhibition could be implicated in determining the end of copulatory activity when attaining exhaustion. Interestingly, the establishment of the sexual exhaustion state can be blocked by the Coolidge effect, 26 that is, a phenomenon in which males that copulated to satiation re-engage in copulation and achieve additional ejaculations if the stimulus female is changed. In this particular case, it could be thought that the novel stimulus would trigger processes in the brain that would ultimately result in the overcoming of the putative increase in the ejaculatory threshold. In this sense, it is possible to consider the inhibition of FE, after its repeated elicitation, as an adequate model for the study of the physiological mechanisms involved in the expression of masculine sexual function with special relevance to ejaculation.
The fact that in progress GMPE was inhibited by superimposing genital stimulation reveals that the SGE is the main target of the inhibitory process that develops after recurrent inflow. Thus, the possibility that this inhibitory event were due to a peripheral effect, like a receptor adaptation phenomenon, is discarded. Hence the notion that inhibition of FE, triggered by genital sensory information takes place at a central level is sustained.
The inhibition of the full expression of an in progress GMPE when superimposing genital stimulation appears as an interesting finding that could be related with the ejaculation delay phenomenon that can be attained by the 'pause squeeze method' described by Masters and Johnson. 27 This method was developed for the treatment of premature ejaculation (PE) and consists in preventing imminent ejaculation by squeezing the penis. A possible physiological mechanism underlying this successful method could precisely be the finding that in progress ejaculatory motor sequences can be interrupted by additional genital stimulation. This interpretation further supports the notion that FE is an adequate model for the study of the neural bases of ejaculation.
All in all, the present data show that in spinal rats afferent information, although not essential for the initiation of FE, plays an important role in the modulation of the expression of the ejaculatory motor pattern.
